Since Rustizky gave the disease now to be discussed the name "multiple myeloma"
in 1873, many reports have followed. Electron microscopic observation of the myeloma cell was first made by BRAUN-STEINER et al. (1953) , followed by FRUHLING and PORTE (1958) , BESSIS (1961) , BESSIS et al. (1963) , POLI et al. (1963) , BRITTIN et al. (1963) , SOLENSON (1964) , BRECHER et al. (1964) and MALDONADO et al. (1966) . These reports also indicated that the myeloma cell was a plasma cell, possibly capable of synthesizing immunoglobulin, although the cell showed different maturity from case to case. On the other hand no electron microscopic study has been performed thus far to identify the nature of the macroglobulinproducing cell, although DUTCHER and FAHEY (1959) , ZUCKER-FRANKLIN et al. (1962) and SOLOMON et al. (1963) tried to clarify it by the use of immunofluorescence techniques.
The purpose of the present study is to describe the ultrastructure of several types of myeloma cell and to present electron microscopic data on macroglobulinproducing cells in Waldenstrom's macroglobulinemia.
Materials and Methods
Materials. The bone marrow was obtained by sternal puncture from 15 cases with Ig-G myeloma, 3 with Ig-A myeloma and 3 with Waldenstrom's macroglobulinemia (see Table 1 ).
The diagnosis was based on various clinical manifestations and laboratory findings such as anemia, pains in the bone and joint, punched-out figures in the bone on X-ray film, monoclonal elevation of globulin, accelerated erythrocyte sedimentation rate and increased plasma cells in the bone marrow. Methods 1. For electron microscopic observations Immediately after aspirating the bone marrow, the aspirant was dropped into 375 O sO4 (1%) for one hour. The specimen was then dehydrated in a series of graded aceton solutions, and embedded in Epon 812 by LUFT's method (1961) . Sections were cut on a Porter-Brum ultramicrotome, stained with uranyl-acetate and lead-acetate according to MILLONIG's method (1961) and observed with JEM7A and HU-11A type of electron microscopes.
2. For immunoelectron microscopy The bone marrow from 2 cases of Waldenstrom's macroglobulinemia were fixed with 3% glutaraldehyde in the above-mentioned fashion for one hour and then transferred to the phosphate buffer overnight to remove glutaraldehyde.
The clot were dropped into an incubation medium containing ferroglobulin (ferritin conjugated antibody) and allowed to stand for 30min at room temperature on the shaking machine. The details of the incubation medium are described as follows. A. Ig-G myeloma cell
The myeloma cell had generally one, rarely two or three, nuclei ( Fig. 1-4 , 8-10), which were round or ovoid in shape and located at the periphery ( Fig. 1, 2) . Most of the plasma cells showed a characteristic pattern of regularly spaced large blocks of chromatin along the periphery and sometimes a large mass in the center of the nucleus (Fig. 3, 4, 8, 9, 12) . However, it was occasionally found that the chromatin was not distributed in such masses, but dispersed throughout the nucleus (Fig. 1, 2 , 10). The nucleolus was generally large in size, showing a well-developed nucleolonema ( Fig. 1, 2, 12 ). In some cases intranuclear inclusion bodies were observed which were bounded by a double layered limiting membrane and contained substances similar to the cytoplasm or its possible debris (Fig. 4, 5 ). The cytoplasm of the myeloma cell was filled with a well-developed, roughsurfaced endoplasmic reticulum which was characteristically arranged in a parallel pattern (Fig. 2, 3 , 10, 12). The reticulum sometimes enlarged and showed a sac-like form (Fig. 6 ). The endoplasmic reticulum was filled with a homogeneous material of low electron density (Fig. 2, 3 , 6, 10, 11).
Four different types could be identified in the myeloma cells (Fig. 28 ). 1. In the first type, a possibly immature type, the long and narrow cisternae of the reticulum are dispersed in the cytoplasm, fewer in number, and arranged less parallel than in the normal plasma cell (Fig. 8 ).
2. In the second and most common type of myeloma cell, the long and narrow cisternae of the ergastoplasm is arranged in a uniformly lamellar pattern. The cytoplasm of this type thus seems to be filled with them except for the Golgi area and mitochondria (Fig. 2, 3 ).
3. In the third type moderately dilated sacs of the ergastoplasm are oval in profile and seemingly have fewer ribosomes at the cisternal membrane than those in the second type (Fig. 6) .
4. In the fourth type many dilated sacs of the ergastoplasm are filled with lowelectron-dense and homogenous material and look like grape bunches. This type of myeloma cell may correspond to the so-called flaming cell (Fig. 16 c) . The attached ribosomes of the endoplasmic reticulum were arranged regularly Fig. 2 . A plasma cell from the bone marrow in Ig-G myeloma. The nucleus has a large nucleolus (Nl) and the chromatin is dispersed throughout the nuclear space. Golgi area (Go) occupies a large space in the cytoplasm, including abundant vesicles, vacuolus and dense bodies. Parallel-arranged, rough-surfaced endoplasmic reticulm (rER) and large mitochondria (m) Fig. 3 . Ig-G myeloma cell. The large Golgi area (Go) surrounded by two probable nuclei (N) and lamellar, rough-surfaced endoplasmic reticulum (rER) are seen. The chromatin of the in most instances but sometimes in irregular intervals (Fig. 4) . Free ribosomes were seldom found in the cell. Sometimes free ribosomes were recognized as a "polysome" of a ring-or rosette-form (Fig. 4) . The Golgi apparatus was well-developed, occupying a large area of the cytoplasm and was comprised of many layers of Golgi lamellae, abundant vesicles and many dense bodies (Fig. 6, 7 ). These dense bodies in the Golgi apparatus seemed lower in density than those in the peripheral cytoplasm and ranged in size from as reported by TANAKA et al. (1957) was observed.
Although it was very rare to find Russell bodies in a thin section, these occasionally were found as a round and homogeneous material of low-electron density within the lumen of the rough-surfaced endoplasmic reticulum (Fig. 10 ). The Russell from the ergastoplasmic membrane (Fig. 11 ). The size of the body ranged from
In many cases a fibrillar structure similar to that in leukemic cells was observed as a bundle surrounding the nucleus (Fig. 12, 13 ) consisted of fibrills of approxi- Fig. 15-18 ).
By chance, three centrioles in a cell were found (Fig. 19) . Cytoplasmic dense bodies with a particularly high electron density showed a crystalloid structure. The structure was surrounded by a limiting membrane and consisted of closely spaced, parallel, dense composition of units of hexagonal tubules (Fig. 20, 21) . In a part of some lysosomes there was found a crystalloid structure similar to that in the cytoplasmic dense body except for the lack of a limiting membrane (Fig. 20) .
Intranuclear inclusion bodies were observed in the plasma cell in two cases of macroglobulinemia (Fig. 22, 23) . The bodies (Fig. 25 a, 26 ). 2. As far as the distribution of the ferritin particles is concerned, they were concentrated in the Golgi area and dense bodies of the plasma cell and, similarly, concentrated in the Golgi area in the large lymphocyte. These were also diffusely dispersed throughout the cytoplasm of the large lymphocyte where the abundant free ribosomes were recognizable and not on the mitochondria (Fig. 25 b, 26 ).
3. In general no ferritin particles were found in small lymphocytes, granulocytes, monocytes, megakaryocytes or erythroblasts. 4. In the ferritin antiboby blocking procedure no ferritin particles were found in either the plasma cell or the large lymphocyte. and BRETON-GORIUS, 1963; BRECHER et al., 1964 and SOLENSON, 1964) . According to the results obtained by these investigators, the globulin-producing cell in Ig-G and Ig-A myelomas is thought to be the mature or immature plasma cell. Similary, in all 15 cases of Ig-G myeloma and 3 cases of Ig-A myeloma in the present study, predominance of the plasma cell in the bone marrow has been found. The globulin-producing cell in various types of myeloma examined in this study is presumed to be the plasma cell due to its numerical predominance in the bone marrow and its morphological uniformity (see Table 1 ). The myeloma cell is basically similar in structure to the normal plasma cell by light and electron microscopy, but it has also certain specific features.
Here it should be stressed that the myeloma cell in the marrow showed almost the same degree of maturity, although the maturity might be slightly different from case to case. SVEHAG et al. (1968) has revealed that the molecule has a spider-like structure with five legs which are structure may be related this ultrastructure of macroglobulin.
Three centrioles observed in a plasma cell from macroglobulinemia may indicate that the cell is polyploidy.
A fibrillar structure similar to that found in Ig-G and macroglobulinemia plasma cells was first described by BESSIS et al. (1955) and has been found in pathological blood cells, particularly in leukemic cells (TANAKA, K. 1964 and FUJINAGA 1966) It may be worth to be discussing why the ferritin particles appeared in the Golgi area and not in the ergastoplasm of the plasma cell, an inconsistent result according to RIFKIND et al. (1963) and DEPETRIS et al. (1963) . These reporters assumed that ferritin conjugated globulin was found mainly in the ergastoplasm of the cell from plasma cell tumor of the mouse and the lymph node of the rabbit. Since during this investigation, abundant ferritin particles very often were found gathering outside of the plasma cell at a certain distance (Fig. 27) , it is very likely that the ferritin-antibody conjugates might be diluted to a concentration at which the antigen-antibody reaction could not develop particularly in the ergastoplasm which presumably contained a small amount of globulin. SOLOMON et al. (1963) , using an immunofluorescent technique, observed in macroglobulinemia fluorescence occurring throughout the cytoplasm of the large lymphocyte and the central area (possibly the Golgi area) of the plasma cell-a result consistent with that in this study. From HANAOKA, 1964) . This view is contradicted to the posturations by many investigators such as FELDMAN et al. (1960) , RIFKIND et al. (1962 ), DE PETRIS et al. (1963 , BERNHARD and LEPLUS (1964) and LEDUC et al. (1967) ribosomes. This finding suggests that these cells might synthesize macroglobulin.
